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ABSTRACT

Objective History of cardiovascular diseases (CVDs)

may influence the prognosis of patients hospitalised

for COVID-19. We investigated whether patients with
previous CVD have increased risk of death and major
adverse cardiovascular event (MACE) when hospitalised
for COVID-19.

Methods We included 839 patients with COVID-19
hospitalised at the University Hospitals of Geneva.
Demographic characteristics, medical history, laboratory
values, ECG at admission and medications at admission
were collected based on electronic medical records. The
primary outcome was a composite of in-hospital mortality
or MACE.

Results Median age was 67 years, 453 (54%) were males
and 277 (33%) had history of CVD. In total, 152 (18%) died
and 687 (82%) were discharged, including 72 (9%) who
survived a MACE. Patients with previous CVD were more at
risk of composite outcomes 141/277 (51%) compared with
those without CVD 83/562 (15%) (OR=6.0 (95% Cl 4.3 to
8.4), p<0.001). Multivariate analyses showed that history
of CVD remained an independent risk factor of in-hospital
death or MACE (OR=2.4; (95%Cl 1.6 t0 3.5)), as did age
(OR for a 10-year increase=2.2 (95% Cl 1.9 to 2.6)), male
gender (OR=1.6 (95% CI 1.1 to 2.3)), chronic obstructive
pulmonary disease (OR=2.1 (95% Cl 1.0 to 4.2)) and lung
infiltration associated with COVID-19 at CT scan (OR=1.9
(95% Cl 1.2 to 3.0)). History of CVD (0R=2.9 (95% CI 1.7
to 5)), age (OR=2.5 (95% Cl 2.0 to 3.2)), male gender
(OR=1.6 (95% Cl 0.98 to 2.6)) and elevated C reactive
protein (CRP) levels on admission (OR for a 10 mg/L
increase=1.1 (95% Cl 1.1 to 1.2)) were independent risk
factors for mortality.

Conclusion History of CVD is associated with higher in-
hospital mortality and MACE in hospitalised patients with
COVID-19. Other factors associated with higher in-hospital
mortality are older age, male sex and elevated CRP on
admission.

INTRODUCTION
SARS-CoV-2 has been identified as the caus-
ative virus responsible for the pneumonia
named COVID-19 by the WHO.'

COVID-19 rapidly turned into a pandemic
and has become a severe burden to health

,! David Carballo," Antoine Poncet,? Nils Perrin,’
,! Benjamin Assouline,® Sebastian Carballo,*

Key questions

What is already known about this subject?
» COVID-19 patients with history of cardiovascular
diseases are more at risk of complications.

What does this study add?

» We aim to provide new knowledge regarding the
relationship between COVID-19 outcomes and car-
diovascular disease. This study reports that hos-
pitalised COVID-19 patients with cardiovascular
diseases should be identified as a more vulnerable
population during the COVID-19 pandemic.

How might this impact on clinical practice?

» In hospitalised patients with COVID-19, history of
cardiovascular disease, advanced age, male sex
and chronic obstructive pulmonary disease are all
independent risk factors of in-hospital death or ma-
jor adverse cardiovascular event for hospitalised
patients with COVID-19. When considering all-cause
in-hospital death, advanced age, male sex and el-
evated C reactive protein levels on admission are
all independent risks factors. These findings help to
identify distinct inpatient archetypes and trajectories
during and after hospitalisation.

systems worldwide, with important social
and economic repercussions. Cases of new
COVID-19 infections have been confirmed in
more than 220 countries or regions around
the world, and America has been the conti-
nent with most cases so far.? It has been
reported that pre-existing cardiovascular
disease (CVD) may contribute to adverse
early clinical outcomes and that COVID-19
infection may have longer term implications
for overall cardiovascular (CV) health.’

The American College of Cardiology and
the European Society of Cardiology also
pointed out that patients with CV risk factors
and established CVD represent a vulnerable
population when suffering from COVID-
19.* ® Recent studies showed that the risk
of in-hospital death among patients with
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severe COVID-19 was significantly associated with elderly,
inflammatory response and CV comorbidities.®”

Several potential mechanisms were explored to explain
the more severe course of the disease in patients with
underlying CV risk factors and CVD." In particular, the
role of ACE inhibitors and angiotensin receptors blockers
(ARBs) has been discussed as one of the potential entry
paths for SARS-CoV-2 in epithelial cells via the ACE2
receptor.”

We aimed to investigate composite outcomes, as of
in-hospital mortality and/or major adverse cardiovascular
events (MACEs) in hospitalised patients with COVID-19
based on the presence or absence of previous CVD.

METHODS

Study design

The Geneva Covid-19 CVD Study (ClinicalTrials.gov iden-
tifier: NCT04384029) is an observational, monocentric
cohort study.

In order to provide the best quality of care and stan-
dardised management of inpatients with COVID-19, the
Swiss Public Health Authorities decided to centralise
all health system resources for patients with COVID-19,
and for the Canton of Geneva, the University Hospitals
of Geneva was selected as the only COVID-19 referral
centre.

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Study participants

We included all patients consecutively admitted at
the University Hospitals of Geneva with a confirmed
COVID-19 diagnosis between 26 February 2020 and 26
April 2020 and who were discharged or had died by 5
June 2020. Patients still hospitalised on 5 June 2020 could
not be included as their data were not yet available for
analysis.

Inclusion criteria were: all subjects =18 years tested
positive to SARS-CoV-2 and exhibiting COVID-19 symp-
toms'” that required hospitalisation. We excluded all
patients who were found positive for SARS-CoV-2 without
COVID-19 symptoms who were hospitalised for other
reasons than COVID-19. For all hospitalised patients, we
used the general informed consent form documented in
the patient chart and excluded those not able to provide
informed consent.

The diagnostic tool of choice to detect SARS-CoV-2
infection was a nasopharyngeal swab specimen (reverse
transcriptase PCR assay). Details on diagnostic tools
and hospitalisation criteria are described in the online
supplemental material.

Data collection

Demographics data, history of CVD, presence of other
comorbidities, CV risks factors, blood tests at admission,
as well as ECG and treatment on admission were collected
according to electronic medical records. Data for all

MACE, as well as death were gathered from discharge
summaries or progress notes according to the doctor in
charge of the patient.

Abstractors were four registered and certified physi-
cians and nurses trained to enter standard data elements
into REDCap, a secure, free web application for building
and managing databases.

Data were extracted through validated automated feeds
form electronic health records and manually by a study
team trained on uniform sources for the study variables.
The Geneva Covid-19 CVD Study is reported in accor-
dance with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology reporting guideline.

Study definitions

MACEs were defined as: CV death, heart failure (defined
as acute heart failure either in a patient with or without a
medical history of heart failure, with transthoracic echo-
cardiography with left ventricle ejection fraction <50%,
heart failure symptoms and elevated NT-pro BNP (N-ter-
minal-pro brain natriuretic peptide) according to the
European guidelines),'! non- fatal myocardial infarction
(MI) either STEMI (ST elevation myocardial infarction)
or NSTEMI (non-ST elevation myocardial infarction) as
defined by the European Society of Cardiology12; non-
fatal stroke (ischaemic or haemorrhagic stroke); and
major arrhythmia (defined as any of the following: atrial
fibrillation, atrial flutter, ventricular tachycardia and
ventricular fibrillation).

History of CVD was defined as: history of acute coronary
syndrome (either history of STEMI, NSTEMI or unstable
angina), as well as history of any of the following: stable
angina, coronary artery bypass, peripheral artery disease,
ischaemic or haemorrhagic stroke or transitory ischaemic
attack (TIA), history of arrhythmia (atrial fibrillation,
atrial flutter and ventricular tachycardia), history of heart
failure, history of myocarditis or pericarditis.

CV risk factors as well as every diagnosis are defined in
the online supplemental material.

Study outcomes
The primary outcome was a composite outcome defined
as in-hospital death or in-hospital MACE.

Secondary outcomes were: in-hospital death, MACE,
myocarditis, venous thrombotic complications, total
hospital length of stay, intensive care unit (ICU) and
intermediate care unit (IMCU) stay and length of stay,
and rehabilitation length of stay.

Statistical analysis

Power considerations: we hypothesised that around 600
patients would have been hospitalised owing to COVID-
19, of whom 10% would have a history of CVD. Assuming
that the proportion of patients presenting the composite
outcome would be 18% in patients with history of CVD
and 7% in patients without history of CVD (OR=3), the
present study had 80% power at a two-sided 0.05 level.
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Patient characteristics, laboratory values and medi-
cation at admission were described as frequencies and
percentages for qualitative data and as median (Q1-Q3)
for quantitative data. Methods of parameter comparisons
according to clinical status, as well as clinical outcome
comparisons according to history of CVD, are further
detailed in the online supplemental material.

The study’s main objective was to assess the effect of
history of CVD on the composite MACE or death using
logistic regression. Effect of history of CVD on death
only was also assessed using logistic regression. History
of CVD was expressed as crude and adjusted OR with a
95% CI. Restricted lists of potential confounding factors
were defined a priori: (1) when analysing the composite
outcome, the list consisted of age, sex, CT scan find-
ings, hypertension, obesity (body mass index (BMI)
>30kg/m?), dyslipidaemia, diabetes (type I or II), active
smoking, chronic obstructive pulmonary disease (COPD)
and obstructive sleep apnoea; (2) when analysing death
status, the list was further extended with values at admis-
sion for creatinine, C reactive protein (CRP), AST/ALT
(aspartate transaminase/alanine transaminase) ratio and
anaemia. Estimation of regression model coefficients
was based on a complete case analysis, with parameters
presenting more than 5% of missing data being subse-
quently removed. No multiple imputation methods were
used. Log-linearity assumption was graphically assessed,
both in univariate and multivariate analyses. Sensitivity
analyses including parameters formerly removed due to
missing data were finally performed in order to assess the
robustness of the results (online supplemental material).

Statistical significance was assessed at the two-sided 0.05
level for all analyses. All analyses were performed using R
software, V.4.0.2 (R Foundation for Statistical Computing,
Vienna; www.R-project.org).

RESULTS
Between 26 February 2020 and 26 April 2020, 898
patients with COVID-19 were hospitalised in our centre,
of which 839 were included in our study (figure 1).
Median age was 67 years, 453 (54%) were males, 392
(47%) had hypertension, 206 (27%) were obese (BMI
>30kg/m?), 205 (24%) had dyslipidaemia, 169 (20%)
had diabetes (predominantly type II) and 37 (4%) were
active smokers. The most common symptom at admission
was dyspnoea or oxygen desaturation (67%, n=566), and
patients frequently presented with fever (73%), cough
(62%), asthenia (33%), gastrointestinal symptoms (25%)
and myalgia (22%). Only eight patients (1%) presented
an acute coronary syndrome (ACS) at admission.
Medical history of CVD was found in 277 patients
(33%). Specifically, 89 patients had a history of ACS
(11%), either STEMI, NSTEMI or unstable angina. A total
of 104 (12%) had a history of arrhythmia (mainly atrial
fibrillation), 75 (9%) had a medical history of stroke or
transient ischaemic attack, 60 (7%) had a history of heart
failure and 38 (5%) had a history of peripheral artery
disease (table 1). Other most relevant comorbidities
were moderate or severe chronic kidney failure (11%),
dementia (10%), obstructive sleep apnoea (8%), asthma
(7%), COPD (6%), malnutrition (6%) (definitions are

898 symptomatic patients tested positive for SARS-CoV-2 and hospitalized for Covid-19

at the University Hospitals of Geneva between February 26, 2020 and April 26, 2020.

59 patients excluded:

15 refused to provide general consent.
34 participated in an interventional study.

10 patients still hospitalized on June 5, 2020.

e 152 died in hospital

839 patients included in the study

e 687 were discharged by June 5, 2020

Figure 1 Participants inclusion and exclusion.
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Table 1 Patient characteristics

All patients No events Survived with MACE* Died
Variable (n=839) (n=615) (n=72) (n=152) P value
Age (year) median (Q1-Q3) 67 (54-81) 60 (50-75) 80 (68-86) 84 (76-88)  <0.001
Male 453 (54) 321 (52) 36 (50) 96 (63) 0.04
Symptoms at admission
Fever 610 (73) 461 (75) 46 (64) 103 (69) 0.04
Dyspnoea or oxygen desaturation 566 (67) 404 (66) 46 (64) 116 (76) 0.03
Cough 519 (62) 398 (65) 42 (58) 79 (52) 0.01
Asthenia 279 (33) 211 (34) 23 (32) 45 (30) 0.53
Gl symptoms 212 (25) 183 (30) 10 (14) 19(12) <0.001
Myalgia 188 (22) 167 (27) 12 (16) 9 (6) <0.001
Headache 121 (14) 113 (18) 4 (6) 4(3) <0.001
Expectorations 120 (14) 97 (16) 9(12) 14 (9) 0.11
Altered smell or taste sensation 62 (7) 56 (9) 34 3(2) 0.006
Runny nose 51 (6) 46 (7) 2(3) 3(2 0.01
Cardiovascular risk factors
Hypertension 392 (47) 249 (40) 48 (67) 95 (62) <0.001
Obesityt 206 (27) 153 (28) 17 (25) 36 (24) 0.62
Dyslipidaemia 205 (24) 131 (21) 27 (38) 47 (31) 0.001
Diabetes (type | and Il 169 (20) 105 (17) 17 (24) 47 (31) <0.001
Smoking 37 (4) 26 (4) 5(7) 6 (4) 0.53
Physical inactivity 22 (3) 9(1) 2(3) 11(7) <0.001
Stress 6 (1) 6 (1) - - 0.77
Familial history 6 (1) 4(1) 2(3) - 0.11
Familial hypercholesterolaemia 5(1) 5(1) - - 0.74
Medical history of CV disease 277 (33) 136 (22) 40 (56) 101 (66) <0.001
History of arrhythmia 104 (12) 47 (8) 18 (25) 39 (26) <0.001
Atrial fibrillation 95 (91) 44 (94) 51 (89) 51 (89)
Atrial flutter 7(7) 2 (4) 5(9) 5(9)
Ventricular tachycardia 2(2) 12 1(2) 12
History of ACS 89 (11) 35 (6) 15 (21) 39 (26) <0.001
History of ischaemic stroke, including TIA 75(9) 42 (7) 11 (15) 22 (14) 0.002
History of heart failure 60 (7) 13(2) 14 (19) 33 (22) <0.001
History of peripheral artery diseases 38 (5) 10 (2) 7(10) 21 (14) <0.001
History of CABG 10 (1) 3(0) 5(7) 2(1) <0.001
History of stable angina 8(1) 6(1) 203 - 0.14
History of haemorrhagic stroke 5(1) 2 (0) 1(1) 2 (1) 0.15
Other CV findingst 115 (14) 50 (8) 11 (15) 54 (36) <0.001
ECG at admission 811 (97) 592 (96) 72 (100) 147 (97) 0.28
Long QTc interval >500 ms 13(2) 6 (1) 3(4) 4(3) 0.05
Chest CT scan 165 (20) 108 (18) 15 (21) 42 (28) 0.02
COVID-19 lung opacity/infiltration 151 (18) 100 (16) 12 (16) 39 (26) 0.02

Data are n (%) or median (Q1-Q3). Except for age (Kruskal-Walllis test), all p values are according to x” test or Fisher’s exact test.

*Excluding cardiovascular death.

+Obesity defined as BMI>30kg/m? (missing BMI: n=80).
FModerate to severe valvulopathy, pacemaker, defibrillator, valvular replacement, cardiac resynchronisation therapy device and heart

transplantation.

ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery by-pass graft; CV, cardiovascular; Gl, gastrointestinal;
MACE, major adverse cardiovascular event; TIA, transitory ischaemic attack.
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Table 2 Clinical outcomes

No history of CVD* History of CVD*
Variable All patients* n=839 n=562 (67%) n=277 (33%) P value
Composite outcome (death or MACE) 225 (27) 83 (15) 142 (51) <0.001
In-hospital death (all-cause) 152 (18) 51(9) 101 (36) <0.001
MACE 149 (18) 43 (8) 106 (38) <0.001
Heart failure 89 (11) 18 (3) 71 (26) <0.001
Major arrhythmia 45 (5) 23 (4) 22 (8) 0.03
Non-fatal MI (STEMI, NSTEMI) 16 (2) 4(1) 12 (4) <0.001
Non-fatal stroke 10 (1) 4(1) 6(2) 0.090
CV death 55 (7) 7(1) 48 (17) <0.001
Myocarditis 3(0) 2(0) 1(0) 1
Venous thrombotic complications 35(4) 25 (4) 10 (4) 0.70
Hospitalisation
Length of stay (days) 10 (6-16) 9 (5-14) 12 (7-20) <0.001
Rehabilitation 142 (1 7) 75 (13) 67 (24) <0.001
Length of stay (days) 6 (10-24) 16 (10-25) 15 (10-23) 0.70
ICU stay 102 (1 2) 73 (13) 29 (10) 0.35
Length of stay (days) 2 (8-17) 12 (8-17) 12 (6-17) 0.40
Invasive ventilation 93 (91) 68 (93) 25 (86)
Duration (days) 10 (7-15) 10 (8-15) 10 (7-12)
Dialysis 7(7) 4(5) 3(10)
ECMO 11 (11) 8(11) 3(10)
IMCU stay 135 (16) 84 (15) 51 (18) 0.24
Length of stay (days) 4 (2-6) 3(2-5) 4 (2-6) 0.43

Except for lengths of stay (Welch Student test), all p values are according to % test or Fisher’s exact test.

*Data are n (%) or median (Q1-Q3).

TVenous thrombotic complications include: pulmonary embolism, portal vein thrombosis and deep vein thrombosis.
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IMCU, intermediate care unit; MACE, major adverse cardiovascular

events.

reported in the online supplemental material). An ECG
at admission was performed in 811 patients (97%), of
which 297 (87%) were abnormal. The most common
arrhythmia detected was atrial fibrillation. Of note, among
non-survivors, only four patients had a long QTcorrected
interval (2500 ms). Of note, 165 (20%) patients had a
chest CT scan of whom 151 had patterns consistent with
COVID-19 findings (lung opacity and infiltration). Labo-
ratory values and medication at admission are reported
in the online supplemental tables 1 and 2.

Clinical outcomes

The median length of hospital stay was 10 days (Q1-
Q3, 6-16), 152 patients (18%) died in hospital, 615
(73%) were discharged without CV complications
and 72 (9%) were discharged with MACE, the most
common being heart failure (table 2). Patients with
history of CVD experienced more in-hospital death
or MACE; among the 277 patients with history of
CVD, 141 (51%) died or developed a MACE during
their hospitalisation, compared with 83/562 (15%)
patients without history of CVD (OR=6.0 (95% CI

4.3 to 8.4), p<0.001). In addition, considering sepa-
rately, all-cause in-hospital death, MACE, non-fatal
MI, arrhythmia, heart failure, non-fatal stroke and
CV death were all more frequent in patients with
history of CVD. In total, only three patients presented
a myocarditis and 35 (4%) had a venous thrombotic
complication. Total length of hospitalisation was
longer for patients with CVD as compared with those
without CVD (median of 12 days vs 9 days, respectively,
p value <0.001), as was the need of rehabilitation stay
(24% vs 13%), respectively, p value <0.001). Overall,
102 patients (12%) were transferred to the ICU and
135 (16%) to an IMCU, with no statistical difference
in risk of admission or in length of stay according to
history of CVD.

In multivariate analyses (table 3), history of CVD
remained an independent risk factor of death or
MACE (adjusted OR=2.4, 95% CI 1.6 to 3.6). Other
factors were found to be independently associated
with an increased risk of composite outcome were
age (adjusted OR for a 10-year increase: 2.2, 95% CI
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Table 3 Composite outcome (in-hospital death or in-hospital MACE)

No events* Composite outcome* Crude OR Adjusted OR
Variable (n=615) (n=224) (95% Cl) (95% Cl) P value
History of CV disease 136 (22%) 141 (63%) 6.0 (4.3t08.4) 2.4 (1.6 10 3.5) <0.001
Age (per 10 years) 60 (50-75) 82 (74-88) 2.3(2.0t02.7) 2.2 (1.910 2.6) <0.001
Male gender 321 (52%) 132 (59%) 1.3 (.97 t0 1.8) 1.6 (1.11t02.3) 0.02
Lung opacity/infiltration 100 (16%) 51 (23%) 1.5(1.0t02.2) 1.9(1.2103) 0.01
Hypertension 249 (40%) 143 (64%) 2.6 (1.910 3.6) 0.87 (0.58t0 1.3) 0.50
Obesityt 153/544 (28%) 53/215 (25%) 0.84 (0.58 10 1.2) - -
Dyslipidaemia 131 (21%) 74 (33%) 1.8 (1.3102.6) 0.89 (0.58 10 1.3) 0.57
Diabetes 105 (17%) 64 (29%) 1.9(1.4102.8) 1.5(0.95102.3) 0.08
Smoking 26 (4%) 11 (5%) 1.2 (0.55102.3) 1.5 (0.6 t0 3.4) 0.37
COPD 22 (4%) 27 (12%) 3.7(21106.7) 21 (111042 0.03
0SA 46 (7%) 23 (10%) 1.4(0.82102.4) 1.4 (0.7 t0 2.6) 0.28

*Data are n (%) or median (Q1-Q3).
TMissing BMI: n=80.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; MACE, major adverse cardiovascular event; OSA,

obstructive sleep apnea.

1.9 to 2.6), male gender (adjusted OR 1.6, 95% CI
1.1 to 2.3), lung opacity/infiltration associated with
COVID-19 injury and a history of COPD (adjusted OR
2.1;95% CI 1.1 to 4.2). If one considers death-only as
an outcome (table 4), patients with history of CVD
were at higher risk (adjusted OR=2.9, 95% CI 1.7 to
5), as were older patients (adjusted OR for a 10-year

increase: 2.5, 95% CI 2.0 to 3.2), males (adjusted OR
1.6,95% CI 0.98 to 2.6) and patients with elevated CRP
at admission (adjusted OR for a 10-unit increase: 1.1;
95% CI 1.1 to 1.2). Similar results were observed in
sensitivity analyses including obesity and an increased
AST/ALT ratio in the models (online supplemental
table 3).

Table 4 Patient characteristics according to survival outcome

"1ybuAdoo Ag paiaaiold "auldapaN

Survived (with or without MACE)*  Died* Crude OR Adjusted OR
Variable (n=687) (n=152) (95% Cl) (95% Cl) P value
History of CVD 176 (26) 101 (66) 5.7 (4.0 t0 8.4) 2.9 (1.7 t0 5.0) <0.001
Age (per 10 years) 62 (52-77) 84 (76-88) 2.4(2.0t02.8) 25(20103.2) <0.001
Male gender 357 (52) 96 (63) 1.6 (1.1102.3) 1.6 (0.98 t0 2.6) 0.059
Lung opacity/infiltration 112 (16) 39 (26) 1.8(1.2102.7) 2.5(1.5t04.4) 0.001
Hypertension 297 (43) 95 (62) 22(1.5t03.2) 0.80 (0.48 10 1.3) 0.40
Obesityt 170/611 (28) 36/148 (24)  0.83(0.54t0 1.3) -
Dyslipidaemia 158 (23) 47 (31) 1.5(1.0t02.2) 0.67 (0.40t0 1.1) 0.12
Diabetes 122 (18) 47 (31) 2.1(1.41t03.1) 1.6 (0.91 t0 2.6) 0.10
Smoking 31 (5) 6 (4) 0.87 (0.32 10 2.0) 1.1(0.3110 3.1) 0.89
COPD 30 (4) 19 (13) 31(1.7105.7) 2.0(0.94104.3) 0.07
0SA 53 (8) 16 (11) 1.4(0.76 10 2.5) 1.5(0.68 t0 3.1) 0.31
High Creatininet (n=817) 187/671 (28) 83/146 (57) 3.4(24104.9) 1.3(0.791t0 2.1) 0.30
CRP (per 10 units) (n=804) 50 (19-91) 78 (41-148) 1.07(1.041t01.09) 1.1(1.1t01.2) <0.001
Anaemia§ (n=814) 233/668 (35) 93/146 (64) 3.3(2.3104.9) 1.5(0.90 t0 2.3) 0.13
AST/ALT >1 (n=767) 439/630 (70) 124/137 (91) 4.1 (24107.9) -

*Data are n (%) or median (Q1-Q3).
TMissing BMI: n=80.

}Defined as creatinine >80 pmol/L for females and creatinine >106 pmol/L for males.
§Anaemia defined as haemoglobin <120g/L for women and haemoglobin <140g/L for men.

ALT, alanine transaminase; AST, aspartate transaminase ; COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; CVD,

cardiovascular disease; MACE, major adverse cardiovascular event; OSA, obstructive sleep apnoea.
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DISCUSSION

We found that in patients with a history of CVD, hospi-
talisation for COVID-19 was significantly associated with
an increased risk of MACE and death. Of all MACE, new
onset of heart failure was the most common adverse
event (11% of all patients), and the most frequent cause
of death was respiratory failure (86%). Recent studies
have shown the prominent role of heart failure, both as
a risk factor for a severe clinical course and for mortality,
that is, as a potential consequence of COVID-19 related
myocardial injury."* '*

In addition, we found that history of COPD is an inde-
pendent risk factor for MACE or death in patients hospi-
talised with COVID-19. Results from a meta-analysis have
shown that in patients with history of COPD and ongoing
smoking, the progression and outcomes of COVID-19
infection are more likely to be worse. In particular, the
incidence of a severe course of COVID-19 in patients with
pre-existing COPD was found to be fourfold higher than
in individuals without COPD. "’

The number of comorbidities in patients with COVID-19
is associated with higher risk of serious adverse events.'®
In our population, 40% had between one and two comor-
bidities and 23% had >5 comorbidities. As reported since
the beginning of the pandemic, age appears to be an
independent risk factor for severe courses of COVID-19
infections.'” In our study, age was also identified as an
independent risk factor for MACE or death in patients
hospitalised with COVID-19, and this finding highlights
the crucial importance to adjust for age. Results from the
vast majority of studies on COVID-19 have not been age
adjusted, and therefore, the impact of age still needs to
be properly quantified.

Considering gender differences, our findings indi-
cated that male sex is an additional independent risk
factor for MACE or death in patients hospitalised with
COVID-19, which is consistent with the literature.'® It has
been described that women appear less susceptible to
viral infections, probably because of differences in innate
immunity, steroid hormones and factors related to sex
chromosomes."

Most of the laboratory values were associated with clin-
ical outcomes (online supplemental table 1). In partic-
ular, patients experiencing MACE or death had higher
levels of CRP, creatinine, increased AST/ALT ratio and
leucocytes count and lower levels of haemoglobin. Higher
CRP levels were significantly associated with in-hospital
mortality. Interestingly, some recent studies have demon-
strated that the use of dexamethasone reduces mortality in
patients with COVID-19 while at the same time improving
outcomes and decreasing CRP levels.”” ' Anaemia and
high levels of creatinine were not identified as indepen-
dent parameters associated with death. However, with
an upper 95% CI greater than two, we cannot preclude
those parameters as being further important laboratory
features. Furthermore, the AST/ALT ratio was found to
be higher in the groups of deceased patients compared

with survivors, supporting the hypothesis of injury of the
cardiac tissue rather than susceptibility of other organs.

Regarding CV risks factors, a large, multicentre study
on hypertension and risk of COVID-19 indicated that
24% of patients with severe disease had hypertension, as
compared with 14% of patients with non-severe disease,
although that analysis was not adjusted for other clinical
features.” Conversely, our study shows that hypertension
was not associated with MACE or death, even though
almost half of the patients had hypertension (n=392,
47%), and that ARBs were found to be the medication
most frequently prescribed (20%). There are still many
controversies surrounding the effect of drugs inhibiting
the renin-angiotensin—aldosterone system in patients
with COVID-19.** Mancia et al’® supported the hypoth-
esis that the use of ACE inhibitors or ARBs did not affect
the risk of COVID-19, nor the chances of better clinical
outcomes in patients with COVID-19, compared with
other antihypertensive medications. In our study, when
considering all medications collected at admission, we
did not find any association with the composite outcome,
even after having adjusted for age. In particular, neither
ACE inhibitors nor ARBs were associated with better or
worse clinical outcomes (online supplemental table 2).

SARS-CoV-2 infection has also been associated with
multiple direct and indirect CV complications, including
myocarditis and venous thromboembolism.® In our study,
among patients without a history of CVD, 7% (41/562)
presented a first event (either heart failure, major
arrhythmia, non-fatal MI or non-fatal stroke). In total,
we found only 3/839 cases of myocarditis, confirmed at
cardiac MRI: acute myocarditis manifests across a variable
range of clinical severity and remains a diagnostic chal-
lenge in the COVID-19 pandemic. One study suggested
that 7% of COVID-19 related deaths were due to myocar-
ditis, but the diagnosis was revealed only at autopsy.?’

We found only 35/839 (4%) cases of venous thrombotic
complications, including pulmonary embolism, portal
vein thrombosis and deep vein thrombosis (table 2),
which remain low compared with the literature.”
However, a recent study confirmed that venous throm-
botic complications occurred only in 3.6% in patients
with COVID-19 admitted in a non-ICU unit versus 13.6%
in ICU patients.29

Contrary to current data, we did not find obesity to
be associated with death, although there was a positive
trend, including for MACE. Furthermore, active smoking
was not associated with death (even if 95% CIs were
extremely large).

Limitations

First, it is a monocentric observational study, and findings
remain associated without causal inference, such as the
role of arterial hypertension and the impact of antihyper-
tensive medications. Although we used multivariable anal-
yses, residual confounding and selection bias cannot be
excluded. Second, several sources of bias may be present,
including misclassification of some items. In particular,
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smoking status was determined from clinical charts,
without direct elicitation with validated instruments with
patients: this could explain the relatively small number
of active smokers identified in our study. Third, we did
not distinguish between type 1 and type 2 MI, but instead
we considered altogether non-fatal MI. The reason for
this is because we took the information of presence or
absence of MI from the discharge letter, where the type of
MI during hospitalisation was not specified. Lastly, there
was a significant amount of missing data regarding some
demographic parameters, such as patient’s height.

CONCLUSION

Our results confirm that hospitalised patients with
COVID-19 and with a history of CVD are at increased
risk of heart failure, arrhythmia, non-fatal MI and death
compared with those without a history of CVD. Older
age, male sex and COPD were independent risk factors
of in-hospital death or MACE. When considering all-
cause in-hospital death only, we found that in patients
with COVID-19, the presence of a history of CVD, older
age, male sex and elevated CRP levels on admission were
all independent risks factors. More preventive measures
should be taken in patients with underlying CVD, as well
as treatment optimisation, to reduce the risk of COVID-19
complications.
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